Serum circulating anodic antigen (CAA) levels were compared with faecal egg counts in four subsequent population samples, randomly selected at 8-month intervals, in a recent Schistosoma mansoni focus in northern Senegal. In all four samples, antigen levels showed the same age-intensity pro®les as egg counts, with a strong decline in adults. Also across population samples, a consistent relationship was found between egg counts and antigen levels. Assuming the level of CAA to be a direct re¯ection of worm burden, these ®ndings support the idea that the observed egg count patterns and levels indeed re¯ect dynamics of worm burdens, and not of egg excretion or worm fecundity. Remarkably similar levels of both egg counts and CAA were observed in the ®rst and last sample, collected in the same season (August±September), but 2 years apart. This suggests that a steady state of S. mansoni infection had already been reached shortly after the onset of the epidemic in this focus (3 years). Signi®cantly lower infection levels were found in the intermediate population samples collected in January and April. The differences in infection levels across the four population samples may be because of seasonal transmission patterns. They would indicate a substantial turnover of worm populations, with an estimated average life span of only 7 months, probably less, in this recently emerged, intense S. mansoni focus.
Introduction
We found very high prevalences and intensities of infection in Ndombo, the epicentre of a new focus of Schistosoma mansoni in northern Senegal. In spite of the recent introduction of S. mansoni and the assumed absence of acquired immunity in this community, egg counts and circulating antigen levels were declining strongly in adults (Stelma et al. 1993; Polman et al. 1995) . To follow up the evolution of S. mansoni infection in what would be expected a dynamically evolving focus, we subsequently studied four random cross-sectional population samples at 8-month intervals. Preliminary parasitological results suggested no speci®c evolution in infection levels or patterns over the 2-year study period. Instead, mean egg counts showed considerable variations, which seemed to¯uctuate with the seasons (Gryseels et al. 1994) . These ®ndings may have important epidemiological implications, as they suggest that a steady state of S. mansoni infection would have developed in this recently exposed community; that worm burdens show seasonal¯uctuations; and that a high turnover of worm populations has to be assumed.
In the present study, these assumptions were examined in more detail. As egg count variations over time may also be caused by changes in worm fecundity or egg excretion instead of worm load variations, we assessed S. mansoni worm burdens by quanti®cation of serum circulating anodic antigens (CAA), next to faecal egg counts. CAA is a Tropical Medicine and International Health volume 6 no 7 pp 538±544 july 2001 glycoconjugate excreted from the gut of the metabolically active adult Schistosoma worm into the host circulation (Deelder et al. 1989 (Deelder et al. , 1994 . The signi®cant correlation between serum CAA concentrations and worm burdens in animal models and with repeated egg counts in humans, and their rapid clearance after chemotherapeutic cure, indicate that serum CAA levels are a re¯ection of current worm burdens in humans (Deelder et al. 1994; Agnew et al. 1995) . By comparing and relating CAA levels to egg counts within and between the respective population samples in this focus, we examined whether and to what extent the observed patterns genuinely re¯ect variations in worm load and/or in worm fecundity or egg output.
Materials and methods

Data sets
The ®eld studies took place in Ndombo, a village close to Richard Toll, northern Senegal. Ethical clearance was obtained from the Ethical Commission of the European Special Program for Operational and Integrated Research (ESPOIR) within the Senegalese Ministry of Health and by the Ethical Commission of the Leiden University Medical Centre. All studies were conducted under the supervision and authority of the local and regional health services.
The area and the design of the study are described in detail elsewhere (Stelma et al. 1993; Gryseels et al. 1994) . Brie¯y, between August 1991 and September 1993 four randomly selected cross-sectional population samples of approximately 400 subjects each were surveyed, at 8-month intervals: August 1991 (end of rainy season), April 1992 (hot dry season), January 1993 (cold dry season) and September 1993 (again end of rainy season). This design was chosen to approximate a longitudinal follow-up of an untreated population. Faecal egg counts (expressed as epg, i.e. eggs per gram of faeces) were determined by two stool examinations, each consisting of duplicate 25-mg Kato examinations, within a time interval of 1±2 weeks (Katz et al. 1972; Polderman et al. 1985) . Consistencies of stools were inspected immediately after collection and categorized as hard, formed, mushy or diarrhoeic. CAA levels in serum (expressed as concentrations of pure CAA) were determined by ELISA as described by Deelder et al. (1989) and Polman et al. (1995) . Those found positive after parasitological examination were treated with 40 mg/kg praziquantel in a single oral dose. The follow-up after treatment and re-infection will be reported elsewhere. We will further refer to each population sample as cohorts 1±4, in order of their selection date.
Other detected infections or disorders were also treated or referred adequately. The primary health care station of the village and the nearby district health centre were provided with all due diagnostic and therapeutic means to treat clinical cases. Based on the results of the studies, an area-wide intensive control programme was initiated.
Data analysis
First, the data were analysed for faecal egg counts and serum CAA levels separately. Only individuals with full data (two duplicate Kato examinations and a serum CAA determination) were included. This resulted in a data set of 921 individuals, with about the same number of persons per cohort (Table 1) . As CAA levels and egg output showed skewed distributions, data were normalized by logtransformation. Parametric statistical methods were used to describe and analyse the results. To allow for zeros in the analyses, log-transformation was applied after adding a value equal to half the detection limit of the particular assay to all measurements. Data were described by geometric means, ranges and 95% con®dence intervals (CI). Chi-square tests were applied to test variations in age and sex between cohorts. Associations between CAA concentrations and egg counts were examined by Pearson's correlation test. Variations in intensity of infection by cohort were determined by analysis of variance, controlling for age. Bonferroni corrections were used to adjust for multiple testing.
To study possible cohort differences in the relation between egg counts and CAA levels, multiple linear regression analysis was performed, with log (epg) as response variable, log (CAA) as covariate, and cohort and age as categorical variables. In contrast to previous studies on the relation between egg counts and antigen levels (e.g. Van Lieshout et al. 1995 , 1998 , we did not use Deming regression, as recent ®ndings indicate that for CAA [but not for circulating cathodic antigen (CCA)] ordinary linear regression can be applied just as well (Polman et al. 2001) .
Based on the pocket chart developed by De Vlas et al. (1993) , all individuals in this focus can be considered as infected. Therefore, even cases with negative results for both egg excretion and CAA determination were included in the regression analysis. For comparison and reference, regression analysis was also performed with the data from only those who were positive for at least one of the indicators (Van Lieshout et al. 1995 , 1998 .
Results
The data are summarized per cohort in Table 1 . Although all ages were represented in each cohort, individuals with complete CAA and egg count data from cohort 2 were on Tropical Medicine and International Health volume 6 no 7 pp 538±544 july 2001
the average older (P < 0.001). There were no signi®cant sex differences between cohorts (P > 0.05).
Of all participants, 95% had positive egg counts, and mean egg excretion was 436 epg. The consistency of the stools varied substantially. In cohort 1 and 4 more hard stools were collected (40 and 27%, respectively) than in cohorts 2 and 3 (21 and 12%, respectively). Thirty-four per cent of the stools in the third cohort were diarrhoeic (Figure 1) .
Of all study subjects 78% had positive CAA levels, and mean CAA levels were 3.10 ng/ml. In all cohorts, CAA levels correlated well with egg counts (r 0.57; P < 0.01), and positivity rates increased with rising egg counts (data not shown). Figure 2 shows the age-related intensity patterns per cohort, as determined by egg counts (a) and CAA levels (b).
In all four cohorts, both egg counts and CAA levels peaked in individuals aged 10±20 years, showing a less pronounced peak in cohort 3 than in the other cohorts. Intensity levels decreased strongly in adults (> 20 years), and appeared to vary between cohorts as well, with higher levels in cohort 1 and 4 than in cohort 2 and 3.
After controlling for age, analysis of variance revealed no signi®cant differences in egg counts or CAA levels between cohort 1 and 4 (P > 0.05), which were collected in the same season, but 2 years apart. Signi®cant differences were found between mean egg counts and CAA levels of cohort 2 and 3 compared with cohort 1 and 4, and of mean CAA levels of cohort 2 compared with cohort 3 (P < 0.001). Table 2 shows that mean intensities in cohort 1 and 4 (collected in the rainy season) were always higher than for cohort 2 and 3 (collected in the dry season) in Figure 3 shows the scattergrams of the individual CAA and egg count data in all four cohorts, including the regression lines of the relation between log (CAA) and log (epg) . Regression analysis revealed a consistent relationship between egg counts and CAA levels across the cohorts, with no signi®cant differences in slopes or intercepts (P > 0.05). Similar results were found after analysis of only those who were positive for at least one of the indicators (data not shown).
Discussion
In this study, CAA levels were compared and related with egg counts in four subsequent cohorts, each of which was assumed to be a representative sample of the same community of Ndombo, exposed to intense S. mansoni for only 3 (cohort 1) to 5 years (cohort 4) at the onset of the study (Talla et al. 1990 (Talla et al. , 1992 . Egg counts were consistently lower in adults than in children within each cohort, and did not show an overall downward pattern across cohorts, as would be expected on the basis of a gradual development of immunity in this recently exposed community. Instead, signi®cant egg count variations were observed between the cohorts.
These observations suggested¯uctuations in worm burdens, but could also be caused by factors concerning worm fecundity or egg excretion. The stools in this study were generally harder during the surveys in the ®rst and the fourth cohort, whereas in cohort 3 relatively many stools were diarrhoeic. Variations of the consistency and/or volume of stools (e.g. because of the changes in diet,¯uid balance or other intestinal infections) may affect the concentration of eggs in the stools and thus the number of egg counts at parasitological examination (Scott 1937; Hall 1982; Teesdale et al. 1985) . The egg count variations might thus have been caused by seasonal variations of stool consistencies. However, CAA levels showed the same levels and patterns as egg counts within each cohort. Also, a consistent relationship between egg counts and antigen levels was observed across the cohorts. The antigen levels Table 2 Geometric mean egg counts and CAA levels for children (5±19 years) and adults (³20 years) in the four cohorts of Ndombo, Senegal. Rank: ranking order of cohorts, from highest to lowest mean intensity. In both age groups, the highest mean egg counts and CAA levels were always found in cohort 1 and 4, and the lowest in cohort 2 and 3
Mean intensities
Age ( thus support the idea that the observed egg count variations indeed re¯ect variations of worm burdens, and not of egg excretion or worm fecundity. The differences between cohorts were apparent in children (5±19 years) as well as in adults (³20 years). As the study population had only recently been exposed to S. mansoni infection, variations over time in egg counts and CAA levels may be caused by the instability of the worm populations in the transition phase from epidemic to endemic state. However, the high similarity of egg counts and CAA levels in the ®rst and fourth cohort, collected in the same season (August/September) but 2 years apart, strongly suggests that a steady state of S. mansoni infection has already developed. Infection intensities were consistently higher in cohort 1 and 4, which were examined just after the peak transmission season. The second and third cohort were surveyed in spring and winter, respectively, when snails are less abundant and the exposure less intense (Gryseels et al. 1994 ). An explanation for the apparent worm burden variations may thus be in seasonal transmission patterns, but this hypothesis should be con®rmed by a more detailed and comprehensive analysis of the transmission dynamics in this focus.
Our ®ndings would indicate a relatively strong turnover of the worm populations in this focus. Assuming a stable situation with only within-year¯uctuations, arithmetic mean intensities in our population decreased to about 50% for both egg counts and CAA levels within 5 months: August±September (cohort 1 and 4) vs. January (cohort 3). Assuming an exponential survival of the worms, and no new infections within this period, the average life span of the worm would be only 7 months (Goddard & Jordan 1980; Anderson & May 1991) . Taking new incoming infections into account, the average life span of the worm would be even shorter. A number of attempts to estimate the adult S. mansoni worm's life span have been made in the past, with lifespan estimates ranging from 3 to 10 years (Warren et al. 1974; Goddard & Jordan 1980; Hiatt et al. 1980; Vermund et al. 1983; Fulford et al. 1995) . The adult schistosome life span in this recently emerged, intense S. mansoni focus would thus appear considerably shorter than in older endemic or less intense situations, which the other studies were based upon. In the only other study performed on seasonal¯uctu-ations of circulating antigens, De Bont et al. (1996) observed a seasonal pattern in CAA levels, not in egg counts, of S. matthei-infected cattle. Here, however, a signi®cant increase of CAA was seen in the second half of the dry, low transmission season. Variations in antigen clearance rate with the physiological condition of the host were suggested as a possible explanation. It should indeed be taken into account that unknown mechanisms affecting production and clearance of CAA may bias its correlation with worm burdens. As in our study, similar¯uctuations in, and a consistent relationship between, egg counts and CAA levels was observed ± such mechanisms do not seem to affect our conclusions.
Our ®ndings in this recently infected, intense S. mansoni focus do not support the gradual development of protective immunity over a period of 2 years. In fact, they suggest that endemic-like infection levels and distribution patterns were reached already within 3 years after the start of the epidemic in this focus. On the other hand, strong intermediate variations in infection levels do indicate a substantial turnover of worm populations, with an estimated average life span of 7 months, probably less. The dynamics may re¯ect seasonal transmission patterns, but further analysis of the transmission dynamics in this focus is needed. In any case, our ®ndings show that antigen detection is a valuable additional tool for assessing the dynamics of worm populations, and that these dynamics are still far from being understood.
